Abstract-The results of experiments to monitor the build up of polycyclic aromatic hydrocarbons (PAH) in quench oils during use are presented. Oils from four quenching baths at three heat treatment companies were sampled at intervals over periods of 6-18 months. Information was obtained from the operators on the frequency of topping up the oil, bath temperature and other relevant parameters. The oils were analysed quantitatively for PAH to observe any changes in concentrations during use and to relate operating conditions to PAH levels. The expected increase of PAH over time was not observed and possible explanations for this are discussed. Crown
INTRODUCTION
Quenching of metal components is carried out to achieve desired mechanical properties and hardness. Rapid cooling avoids the formation of soft constituents in metals such as pearlite and bainite. Many fluids have been used for quenching, but the most common are water (including salt solutions), mineral-oil-based quenchants and polymer quenchants. Quenching of hot components causes heating of the quenchant. Repeated heating of mineral oil can cause the formation of PAH in the oil, resulting in a possible carcinogenic risk to workers either by inhalation of oil mist or by skin contact with oils (Eyres, 1981) .
Much published work on PAH in mineral oils has been concerned with lubricating and cutting oils, and relatively little attention has been given to quench oils. Some Italian workers determined the PAH content of 12 new oils and 20 used quench oils (Pavan et al., 1985) , and, in a report on PAH in used metal-working oils for the Institute of Petroleum Advisory Committee on Health, PAH was measured in five used quench oils (Eyres, 1981) . Both groups of workers reported significantly higher levels of PAH in used oils compared to new oils, but did not attempt to monitor the build up over time.
In this work the oils were analysed periodically to monitor any change in PAH concentrations over time. Details of plant operating conditions, for example bath volume, temperature, throughput and top up rate were recorded, as were periods of shutdown and laundering of the oil so that any links between these and PAH levels could be detected (Table 1) . Laundering of the oil involves the removal of water, particulates, bacteria and acidic and oxidation products from the oil. Although laundering may have a lowering affect on PAH levels, it is not carried out for this purpose and other workers have found that laundering did not significantly affect PAH levels (Evans et al., 1989) . Attempts to correlate PAH levels with working practices were complicated by several problems. Recording complete and accurate data on the monthly changes in parameters such as top-up rate and throughput at the factories was found to be impractical. The records held by the factories were not necessarily in a form which allowed this and it would not have been realistic to expect factories to change their practices.
EXPERIMENTAL DETAILS
A total of 32 samples from three sites was collected between August 1991 and November 1992. These consisted of 17 samples from Site A, five samples from Site B and five samples from each of two oil baths at Site C. The oils were collected from the tops of the tanks and stored in amber glass bottles or metal tins to prevent photodegradation of the PAH by UV light. The oils are labelled by their relative day of sampling.
The concentrations of the 10 PAHs in the oils were determined by first extracting them using a method based on that of Pavan et al. (1985) , and then analysing the extracts using gas chromatography-mass spectrometry.
The oil (3 g) was weighed out and dissolved in hexane (30 ml). An internal standard of d )2 -chrysene was added (125 /il of a 40/ig ml" 1 solution in cyclohexane). The hexane solution was extracted with dimethyl sulphoxide (DMSO) (3 x 10 ml). Water (30 ml) was added to the combined DMSO extracts before extracting with hexane (2 x 30 ml). The second hexane extract was washed with water (50 ml) and combined with the first extract. The hexane solution was dried using anhydrous sodium sulphate (4 g) and then concentrated on a hotplate (at 40°C). At dryness the extract was immediately redissolved in 1 ml of cyclohexane.
The oils were extracted in batches of three alongside a spiked oil sample. This was a relatively PAH free oil (Site C top up oil) which had been spiked with a known amount of PAH (250 /il of a solution containing each PAH at 40 /ig ml" 1 ). The spiked oil samples were used to determine the extraction efficiency and as quality control samples.
The oil extracts were analysed using gas chromatography-mass spectrometry with the GC conditions described in Table 2 . The mass spectrometer was used in single ion monitoring mode, and monitored the PAH's molecular ions. Tables 3-6 . The results for the top-up oils at sites A and C are shown in Table 7 . Site B used a variety of different top-up oils so no analysis of top-up oil is reported for this site. The key to the abbreviations in Tables 3-7 and details of recovery efficiencies for the extraction procedure are given in Table 8 . PAH concentrations in oils are in n% u '.
•Total PAH is defined as the sum of the PAH quantified. The anticipated steady increase in PAH concentrations with time was not observed. There were fluctuations in PAH concentrations in individual baths, but no clear trends emerged (Fig. 1) . Levels are lowest in the two baths at Site C and were similar in both baths. Levels at Site A were generally four to five times higher and those at Site B were another two to six times higher.
The composition of the PAH mixture in a given bath were fairly constant and so individual PAH levels generally correlate with total PAH levels.
The levels of PAH found are generally consistent with those reported by other workers; a comparison using benzo(a)pyrene as an example is given in Table 9 .
Our results are in the range of values reported by other workers but are at the lower end of the range. Pavan et al. (1985) do not give bath conditions but Eyres (1981) gives some information. In Eyre's work the baths with the higher PAH levels were used in reducing atmospheres; none of the baths in the present study had a reducing atmosphere. Excluding the results for reducing atmospheres, Eyres' work gives a range of 0.79-4.5 /zg g~' for baths which have operating conditions similar to (HSE 1995) ] reported in the literature are found to have had levels of BAP between 0.8 and 100 /zg g" 1 (Carmichael et al., 1990) . Analysis of the observations in the light of the bath operating conditions in Table  1 does not provide an obvious explanation for the difference. Nominal bath temperatures, component temperatures, the ratio of throughput to bath volume and the top-up rate do not appear to explain the observations. The only possible contributing factor seems to be maximum casting size-35 kg for Site C, 150 kg for Site A and 250 kg for Site B. The size of the casting would affect the localized temperature of the oil around the immersed casting.
Although this work has produced only limited information on the possible effect of plant operating conditions on quench oil PAH levels, some of the information gathered in the cause of the investigation has prompted further questions.
